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Abst ract - -Let  [n, k, d; q]-codes be linear codes of length n, dimension k and minimum Hamming 
distance d over GF(q). Let ds(n, k) be the maximum possible minimum Hamming distance of a linear 
In, k, d; 8J-code for given values of n and k. In this paper, eighteen ew linear codes over GF(8) are 
constructed which improve the table of ds(n, k) by Brouwer. (~) 2000 Elsevier Science Ltd. All rights 
reserved. 
Keywords - -Opt ima l  linear codes. 
INTRODUCTION 
Let GF(q) denote the Galois field of q elements, and let V(n, q) denote the vector space of all 
ordered n-tuples over GF(q). A linear code C of length n and dimension k over GF(q) is a 
k-dimensional subspace of V(n, q). Such a code is called In, k, d; q]-code if its minimum Hamming 
distance is d. 
A central problem in coding theory is that of optimizing one of the parameters n, k, and d for 
given values of the other two. Two versions are: 
1. find dq(n, k), the largest value of d for which there exists an [n, k, d; q]-code; 
2. find nq(k, d), the smallest value of n for which there exists an [n, k, d; q]-code. 
A code which achieves one of these two values is called optimal. 
For k < 2, the Griesmer bound is met for all q and d. In addition, ds(n, 3) has been solved for 
all but 36 values of n [1]. For larger dimensions, far less is known. In this paper, we consider 
codes over the dimensions k = 3 - 5. Eighteen codes are found which improve the bounds on 
minimum distance. Four of these codes meet the Griesmer lower bound for nq(k, d) 
k-1 
j=O 
and so are optimal. 
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A punctured code of C is a code obtained by deleting a coordinate from every codeword of C. 
A shortened code of C is a code obtained by taking only those codewords of C having a zero in 
a given coordinate position and then deleting that coordinate. From these constructions 
(a) dq(n + 1, k) <_ dq(n, k) + 1 and 
(b) dq(n + 1, k + 1) < dq(n, k), 
which provide many bound improvements from the codes given in this paper. 
A code C is said to be Quasi-Cyclic (QC) if a cyclic shift of any codeword by p positions is 
also a codeword in C. A cyclic code is a QC code with p = 1. The length n of a QC code is a 
multiple of p, i.e., n = mp. With a suitable permutation of coordinates, many QC codes can be 
characterized in terms of (m x m) circulant matrices. In this case, a QC code can be transformed 
into an equivalent code with generator matrix 
G = JR0; R1; R2 ; . . .  ; Rp-1] , (1) 
where Ri, i = 0, 1, . . .  ,p - 1 is a circulant matrix of the form 
ro r l  r2 "'" rm- l [  
rm-1 ro r l  • • ' rm-2 i [ / 
R = rm-2 rm-1  ro  • ' '  rm-3 . 
L r l  r2 r3 ""  ro J 
(2) 
The algebra of m x m circulant matrices over GF(q) is isomorphic to the algebra of polynomials 
in the ring GF(q)[x]/(x m - 1) if R is mapped onto the polynomial, r(x) = ro + r lx  + r2x 2 + 
• .. + rm_lX m- l ,  formed from the entries in the first row of R [2]. The ri(x) associated with a 
QC code are called the defining polynomials [3]. 
The codes presented in this paper are QC codes, which were constructed using a nonexhaus- 
tive heuristic combinatorial computers earch, similar to that in [4-6]. The codes are listed in 
Table 1. The defining polynomials are listed with the lowest degree coefficient on the left, i.e., 
4321 corresponds to the polynomial x3+ ax2+ a2x + a 3, where a is a root of the binary primitive 
polynomial x3 + x + 1. 
Table 1. QC Codes over GF(8) which improve the lower bounds on minimum 
distance. 
code d r~(x) 
132, 11, 1, 123, 113 
14, 1, 114, 132, 113, 123, 15, 143, 126 
14, 1, 115, 16, 113, 17, 123, 112, 126, 135 
15, 12, 124, 135, 17, 1, 143, 125, 16, 126, 117, 115, 132, 153 
1264, 143, 1, 175, 1114 
114, 1, 1273, 1362, 1217, 1374, 13, 1134 
1172, 12, 102, 1134, 111, 141, 137, 1114, 145, 1276, 1137 
(15,3) 
(27,3) 
(30,3) 
(42,3) 
12 
23 
25 
36 
(20,4) 
(32,4) 
(44,4) 
15 
25 
36 
(20,5) 
(25,5) 
(30,5) 
(35,5) 
(40,5) 
(45,5) 
(50,5) 
(60,5) 
(70,5) 
(75,5) 
(85,5) 
14 107, 1354, 1076, 12126 
18 135, 13143, 11265, 13215, 143 
22 11, 1173, 11227, 1457, 14265, 11432 
26 164, 14265, 12464, 1455, 13162, 11345, 11652 
30 1622, 1317, 11216, 125, 1422, 1733, 1143, 1155 
34 1031, 11254, 11345, 11467, 12365, 1771, 14175, 161, 12124 
38 116, 142, 11553, 12472, 12135, 11135, 107, 1343, 1256, 1234 
47 1173, 125, 12452, 157, 165, 166, 1713, 1341, 1772, 12425, 11553, 1161 
55 171, 1047, 1042, 13273, 16, 1413, 11665, 11544, 153, 14162, 105, 13732, 11416, 11213 
59 16, 12464, 1, 12614, 11346, 13215, 1014, 1256, 11764, 1172, 12474, 11214, 11767, 1642, 114 
68 1573, 1025, 1145, 1042, 1327, 1723, 1617, 1224, 1531, 11122, 1063, 1051, 1225, 13516, 1764, 12546, 11313 
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